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Abstract: 

In the 2019 Trends in International Mathematics and Science Study (TIMSS), two of nine South 

African provincial education departments sought to increase the precision of their performance 

estimates through the participation of a larger school sample. This enables the comparison of 

students’ mathematics performance in these two provinces against each other and against the 

combined performance of seven remaining provinces. Using these data, we identify relative 

system efficiencies at work in Gauteng and the Western Cape as reflected in notably higher 

levels of grade 9 mathematics achievement in these provinces compared to seven other 

provinces, after accounting for student compositional and school resourcing differences. In no-

fee charging schools, a significant learning advantage in favour of Gauteng and particularly the 

Western Cape relative to seven other provinces is evident among equally poor students with 

similar school and home background characteristics. Importantly though, provincial 

performance gaps are much larger if socio-economic and home background differences across 

students are not accounted for. A learning improvement agenda, including active measures to 

improve the quality of teaching in schools supported through functional administrations, 

should happen in parallel with a programme of economic growth and poverty alleviation. 

Notwithstanding, the Gauteng and particularly the Western Cape advantage in no-fee schools 

is evidence that education systems can do better with what they have and given the poverty 

levels of the children they serve. Yet, international comparisons imply that even these better 

performing provinces could improve. This points to the continued importance of the 

development of state capability across all education departments in shaping the effectiveness 

of schooling.  
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1. Introduction 

The Western Cape and Gauteng education systems have for a long time been two of the best 

performing provinces in South Africa as measured by performance in high-stakes matriculation 

examinations (Reddy et al., 2020). The relative performance of these systems has been a point 

of political importance for the two provinces, where the Western Cape is the only province to 

be led by the opposition party. However, rankings across provinces have tended to vary across 

educational outcomes (Department of Basic Education, 2016) and by age, grade or across 

different points in the socio-economic distribution. As an example, at the primary level (grade 

6), the Western Cape was achieving higher literacy and numeracy outcomes among the poorest 

of students compared to equally poor students in Gauteng (Wills, Shepherd & Kotzé, 2018). In 

contrast, with respect to grade 9 mathematics outcomes, the levels of improvement in student 

achievement that were evident in other provinces are not necessarily observed in the Western 

Cape, possibly as the results are coming off a higher base level (Department of Basic Education, 

2016, 2020). 

 

Although matriculation outcomes are a key metric for provincial comparisons– and a politicised 

one - this is an insufficient measure of system performance.  Over half a million students that 

started in grade 1 twelve years earlier have already dropped out of school by the time they 

reach matric and are thus not evaluated in these end of school examinations. System-wide 

assessments are required at earlier grades, and particularly before grade 10 when drop-out 

becomes prevalent (van der Berg et al 2018). However, provincial comparisons of learning at 

earlier grades have been constrained by limited sample sizes, calling into question the validity 

of existing comparisons of learner performance before the end of schooling. As a response, in 

the 2019 grade 9 Trends in International Mathematics and Science Study (TIMSS) – an 

international assessment of mathematics and science – the Western Cape and Gauteng sought 

to increase the precision of their performance estimates by increasing their sample sizes 

(Reddy et al., 2020; Human Sciences Research Council, 2019). This allows for a better 

comparison of these provinces’ performance not only to each other, but also relative to the 

remaining provinces. Using these data, we aim to answer three main research questions:  

 

i) Is there a learning advantage in mathematics to being in the Gauteng or Western 

Cape school systems relative to attending schools in other provinces in South 

Africa?  

ii) How does students’ mathematics performance compare across Gauteng and the 

Western Cape?  

iii) Are learning advantages across provinces explained away by differences in student 

home background or school resourcing contexts?  

 

In relation to the third question, student performance across South Africa’s nine provinces 

cannot be compared appropriately without being sensitive to significant differences in 

student’s home background factors or differential access to resources. Better academic 

outcomes in the Western Cape or Gauteng may simply be the consequence of students’ home 

background support for learning, more resourced schools, prior access to early childhood 

development or other home-related enablers for development. In a context where TIMSS 
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results can provide important information on the efficiency of education systems, in turn 

fostering accountability for improved education service delivery, as best as possible effort 

should be given to making fair comparisons across systems. Building on earlier work by Wills 

et al. (2018), we take advantage of the larger TIMSS 2019 grade 9 samples and perform a more 

detailed and up-to-date comparison of mathematics performance in South Africa.  

 

Specifically, we conduct a descriptive analysis aimed at investigating how the Western Cape and 

Gauteng perform, first comparing the two provinces to each other, and then comparing them to 

the remaining seven provinces. We aim to explore how differently the Western Cape (or 

Gauteng) performs on mathematics assessments after we control for differences in the socio-

economic profiles of students, other home background factors, social interaction factors, 

teacher and classroom resources, school and institutional factors, and levels of parental 

involvement.  

 

The remainder of the paper is structured as follows. In the next section a brief literature review 

is provided that situates the discussion on performance differentials in a broader provincial 

and historical context. Section 3 discusses the data to be used, while section 4 gives attention 

to identifying descriptively how mathematics outcomes differ across provinces. Section 5 is 

dedicated to identifying how provinces – and students in those provinces - differ in systematic 

ways and explains how we control for these differences in an econometric analysis of learning 

outcomes. Regression results are provided in section 5.3 and section 6 concludes. 

 

2. Background and literature review 

At the dawn of democracy, the 1996 South African Schools Act (SASA) laid out reforms for South 

African education. SASA replaced fragmented and racially-defined institutional arrangements 

with a multi-tiered system of education. Although policy-making, establishing regulatory 

frameworks and overall responsibility for resourcing was allocated to the national-level, 

implementation was assigned to the nine provinces. Provinces were given authority for 

how budgetary resources for education were to be spent, employing teachers and other 

education personnel, as well as establishing lines of accountability between schools and 

government. With this decentralization of education service delivery, differences in system 

functioning and ultimately learner performance are to be expected across provinces.  

 

2.1 Provincial indicators of educational outcomes   

In an earlier provincial education comparison of student performance, it was pointed out that 

while the Western Cape Education Department (WCED) is a best performing provincial 

department with respect to observed student outcomes, it is not consistently the best 

performer (Wills et al, 2018). On this wise, the authors cite examples such as the constrained 

ability of the Western Cape educational department to convert school learning into school 

completion rates in the form of youths passing the National Senior Certificate (NSC) – a 

necessary qualification, impacting both on students’ access to further tuition and earnings 

potential in the labour market (Department of Basic Education, 2016).  
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More recent sector reports and strategic plans produced within the Department of Basic 

Education (DBE), provide useful information on educational outcomes across provinces using 

a plethora of assessments. Figure 1, taken directly from a recent DBE (2020) sector plan, 

provides a comparison of provincial performance on eight different learning outcomes 

spanning the primary and secondary school years expressed on a consistent standardised scale. 

Included are metrics of TIMSS 2015 grade 9 results, grade 6 SACMEQ 3  2013 mathematics 

results, and grade 4 performance in PIRLS4 2016. Three indicators of school leaving outcomes 

are also considered, including bachelors passes in the NSC and high-level NSC outcomes (in 

mathematics and science) expressed relative to the provincial population of 18-year-olds.  

 

Two features of the graph are evident. First, overall Gauteng and, particularly, the Western Cape 

are significantly better performers than other provinces, with average Western Cape 

performance exceeding the performance of Gauteng in the primary grades. However, these 

patterns shift in the secondary phase. The Western Cape produced the highest relative number 

of bachelors passes in the NSC on average between 2016-2018 as a proportion of the provincial 

population of 18-year-olds yet fares poorly relative to other provinces with respect to high-

level science passes. Not shown in this figure, grade 12 passes in the Western Cape relative to 

the population of youth have also been quite low relative to Gauteng or even relative to weaker 

performing provinces such as Limpopo (Department of Basic Education 2016:43).  

 

In grade 9 TIMSS 2015, the performance advantage was also in favour of Gauteng rather than 

the Western Cape as seen in Figure 1. Yet average grade 9 mathematics results in the Annual 

National Assessments from 2011 to 2014 implied an advantage to the Western Cape. From 

2015 to 2019, however, the TIMSS provincial ranking changed indicating 

that performance efficiencies are neither static nor fixed. By implication system improvements 

in learning are possible.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
3 Southern and East African Consortium on Measuring Educational Quality (subsequently abbreviated as SEACMEQ).  
4 Stands for Progress in International Reading and Literacy Study.  
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Figure 1: Overall view of the learner performance by province 

 
Source: Department of Basic Education (2020:89).  Notes from source: Provincial performance values were adjusted 

to give a mean of zero and a standard deviation of 1 across the nine (unweighted) provinces. Original PIRLS values 

are those seen in Howie et al (2017: 50). Mean TIMSS Grade 5 values are those seen in Table 1 of DBE (2020), 

SACMEQ values are 2013 values from Table 8 and Table 9 of DBE (2020), TIMSS Grade 9 values are 2015 values from 

Table 11 of DBE (2020), Bachelors-level values are from Table 5 of DBE (2020), and Grade 12 mathematics and 

physical science values are from Table 7 of DBE (2020). 

 

 

2.2 Public education spending: Current patterns 

across provinces   

It is clear from the preceding discussion, that the Western Cape and Gauteng are better 

performing systems, with an overall performance advantage in favour of the Western Cape. 

What may account for these differences? The first place to turn in answering this question is 

evaluating how educational spending differs in these provinces.   

 

Despite alleged equal funding per child in the national funding formulas, national averages 

hide underlying heterogeneity between provinces as described in work by Spaull et al 

(2020). Figure 2 shows per learner expenditure in 2018 prices (adjusted using a Basic 

Education Price Index) for nine provinces from 2008/09 to 2018/19. Despite an equalising in 

public spending over this period, just before TIMSS 2019 was administered, annual spending 

per learner in Gauteng was higher at R20 037 than in the Western Cape at R18 913 – a 

difference of about 6 percent. Public spending per learner in the Western Cape was, however, 

still higher relative to North-West, Mpumalanga and particularly KwaZulu-Natal and Limpopo 

provinces.   
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Figure 2: Final per learner current expenditure, real 2018 Rands (using BEPI-Persal) 

 
Source: Spaull, Lilenstein and Carel (2020:32). Notes: BEPI stands for Basic Education Price Index 

 

Although provincial deviances in current per learner expenditure exist, they are arguably not 

large enough to explain differences in system performance across provinces. However, as 

explained later (see section 2.3.2.), the persistence of historical inequalities in spending are still 

likely to play a role in current system performance.   

 

2.3 Socio-economic, political and institutional contexts  

In the econometric analysis to follow, we focus on proximal determinants of educational 

performance that may explain some of the provincial differences in educational outcomes. In 

estimating grade 9 mathematics, proximal determinants such as student, school, classroom and 

teacher factors are identified from the TIMSS contextual questionnaires. However, as Levy 

(2018) explains, divergent socio-economic, political, and institutional contexts shape the 

performance of education bureaucracies through their influence on the formation of 

governance arrangements. Governance arrangements expressed through ‘incentives, 

constraints, rewards and sanctions of a system’s participant’ (Levy, 2018:257) shape the 

efficiency and effectiveness with which resources are used to achieve outcomes. Levy (2018) 

also strongly emphasises the complementary role of local accountability, such as strong parent 

governing board associations in providing additional capacity for school effectiveness. 

Gustafsson (2019) in response further emphasises that it is state capacity in the administration 

of schooling systems, that significantly shapes the effectiveness of schooling. Building state 

capacity ‘requires a logical organisational structure, systems of incentives for officials, robust 

information systems, necessary financial controls, good public communication arrangements, 

and so on’ (Gustafsson, 2019:2). 

 

However, many of these arrangements, whether political, institutional contexts or 

accountability processes are seldom captured in school survey data (or any data), so that 

investigating proximal determinants alone is unlikely to capture the full extent of differential 

provincial functioning (Pritchett, 2019). In the next section, we therefore provide background 
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context on current and historical factors that have shaped the differential functioning of 

provincial education.  

 

2.3.1 Governance arrangements   

In Gauteng, and particularly the Western Cape, socio-economic, political and institutional 

contexts establish a platform for relatively strong bureaucratic capability for public 

provisioning of services. In an analysis of the functioning of the WCED relative to a much 

weaker functioning Eastern Cape Department of Education (ECDE), Levy’s (2018) mixed 

methods analysis concludes that the WCED succeeds in the core tasks of bureaucracy: 

managing resources, assigning personnel to where they are most needed; monitoring and 

managing on the basis of performance. On an annual basis the Auditor General conducts 

department audits to identify areas in which accountability, governance and oversight needs to 

be enhanced across the education and training value chain.5 The WCED in the 2015/16 and 

2016/17 years was the only education department to receive an unqualified audit (Auditor-

General South Africa, 2016).  

 

With respect to the Gauteng Department of Education (GDE), Gustafsson and Taylor (2018) 

conclude that this is a considerably more efficient education system than comparator provinces 

when measured by matriculation outcomes. They maintain that these efficiencies are 

exogenous6 to student’s home background. In their quasi-experiment involving the shifting of 

provincial boundaries, the authors compare matriculation outcomes in schools before and after 

the boundary change. Schools that moved under the governance of Gauteng province, 

experienced notable improvements in matric performance.  

 

In the area of governance, a key aspect in which the Western Cape and Gauteng stand out, is in 

their management of personnel, applying more innovative and strategic approaches and being 

open to new models of working. Box 1 distinguishes how the GDE and WCED differ from other 

provinces in this regard.  

  

 
5 The audits focus on programmes and initiatives receiving significant public resources in line with the goals of the National 

Development Plan.  
6 An exogenous variable in the context of regression analysis is a variable which is not affected by other variables.  
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Box 1: Management of personnel in the GDE and WCED  

• Post establishments7 set within public budget limits: The GDE’s and the WCED’s management of 

the education personnel budget has been known to guard against crowding-out spending 

on important non-personnel inputs such as learner and teacher support material. These have been 

the only two provinces that determine post establishments within available budgets (a practice that 

has not been shared by seven other provinces), rather than allowing existing post establishments to 

determine spending (Deloitte, 2013). This, coupled with the likelihood that wealthier schools are 

considerably more likely to enjoy the services of publicly paid non-educators (such as grounds 

staff, cleaners and school administrators), Western Cape and Gauteng schools are more likely to be 

resourced with support staff, creating a platform for improved administration and governance at the 

school level.   

• At the level of managing teacher performance, however, the Western Cape has arguably done 

better than Gauteng within the bounds of utilising the existing teacher performance management 

system, in the form of the Integrated Quality Management System (IQMS). Although, Gauteng is far 

more lenient than any other province in applying the system, despite assigned ratings of 

performance having some bearing for small performance incentives.8 

• Innovative contracting of officials in Gauteng: The GDE has engaged in innovative, performance 

enhancing contracting in the administration, particularly in relation to the top 100 earning non-

educator employees in the province (Gustafsson and Taylor 2018; Department of Basic Education, 

2020).9   

• Principal competency testing:  Gauteng and the Western Cape are the only two 

provinces with some experience experimenting with competency tests in the hiring of school 

principals. This is a necessary step in the principal hiring process because once principals 

are appointed, they tend to remain in the same school for a long period (Wills, 2015).  

 

2.3.2 Historical inequalities in spending and system performance     

The functioning of provincial education departments can also be viewed as entrenched in 

historical inequities in education spending and apartheid racial desegregation in education 

programming, with strong geographical delineations that align to current provincial 

boundaries.  

 

Despite the equalisation of school spending in post-apartheid South Africa, Crouch and Hoadley 

(2018:16) draw attention to how “apartheid inheritance disproportionately favoured Gauteng 

and the Western Cape”. In 1990/91 for example, education expenditure in these provinces was 

two to three times higher per learner compared to the Eastern Cape as seen in Table 1 which 

draws from estimates in a Department of Education (2006) report. By 2004/05 intra-provincial 

 
7 Post establishments refer to the personnel resources in the form of teachers, management staff and support staff that 

are allocated to schools through specified formulas.  
8 For example, between 2011 and 2013, in around 65 percent of schools in the Free State and Western Cape there were 

no ‘outstanding’ educators. In Gauteng, around 65 percent of schools had ‘outstanding’ educators. 
9  If one looks at the top 100 non-educator employees, in terms of earnings, in each of the province’s education 

departments, the general trend is for between 90 percent and 100 percent of people to have permanent job tenure during 

the last decade. In Gauteng, whilst this situation prevailed in 2005, the province subsequently reduced the percentage of 

permanent employees amongst its top 100 earners rather substantially, to 74 percent in 2008, and then 59 percent by 

2011” (Department of Basic Education, 2020). 
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inequalities had drastically reduced through pro-poor public spending as reflected in 

reductions in measures of spending inequality (the Gini coefficient). This dramatic 

improvement in equalising spending was reflected earlier in Figure 2, where per learner 

government expenditure in the Eastern Cape was in fact higher than in the Western Cape in 

2018/19.  

 

Table 1: Public ordinary school expenditure per pupil, by province 1990-2004, and its inequality, 

national base of 100 in each period 

  1990/91 2000/01 2004/05 

EC 78 93 95 

FS 104 109 116 

GP 154 123 108 

KN 80 87 92 

LP 74 92 92 

MP 86 93 102 

NC 153 135 112 

NW 88 111 112 

WC 180 117 109 

Total 100 100 100 

Gini 0.39 0.09 0.08 

Source: Department of Education (2006: 36.) 

 

In former boundary areas that overlap with Gauteng and the Western Cape, apartheid 

institutional arrangements inherited by post-apartheid administrations were more 

established and conducive to better future functioning systems compared with other 

provinces. For this reason alone, one would expect to observe learning effects in Gauteng and 

the Western Cape after controlling for observed proximal determinants of learning.  

 

3. Data and approach 

To answer the three main research questions outlined in the introduction of this paper, we 

primarily draw on TIMSS 2019. Since inception in 1995, TIMSS assessments have been 

conducted every four years with the most recent published results available for 2019, involving 

64 countries and 580 000 students worldwide (Mullis et al. 2020). In South Africa, TIMSS has 

been successfully administered by the Human Sciences Research Council (HSRC) in all the years 

South Africa participated in the assessments. 10  While these assessments are typically 

administered to fourth and eighth grade students, this has not always been the case in South 

Africa. Instead, the country participated at the grade 8 level in the 1995 through 2003 cycles, 

and at the grade 9 level in the 2003, 2011, 2015, and 2019 cycles  (Reddy et al., 2020).11  

 

In South Africa, TIMSS is stratified by province – of which there are nine. In 2019, the Western 

Cape and Gauteng sample sizes were increased from a typical sample of 30 schools, to a larger 

provincial sample size of 150 schools each (Reddy et al 2020).12 As a consequence, Western 

 
10 Except in 2007 when South Africa did not participate in TIMSS.  
11 Meanwhile, the 2003 TIMSS included assessments from both Grade 8 and 9 students. 
12 For a detailed report on the TIMSS methodology including survey design see Martin, von Davier and Mullis (2020). 
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Cape and Gauteng effectively made up approximately 58 percent of the total South African 

school sample. The analysis presented in this section specifically exploits these larger sample 

sizes to compare learner performance in mathematics in these two provinces against each 

other, but also against the combined performance of the seven other provinces. In this 2019 

round, the TIMSS assessments were conducted in 519 schools and among 20 829 students, 

while the contextual tools were administered to 543 mathematics teachers, and 519 school 

principals. TIMSS data is specifically utilised to leverage the availability of the following 

information:  

 

1. The student mathematics score which is transformed to have a mean of 500 and a 

standard deviation of 100. This score is calculated as an estimate of latent proficiency 

and ability using imputed values known as plausible values (von Davier, 2020). These 

(five) plausible values when taken together resemble individual test scores and have 

approximately the same distribution as the latent variable being measured (Mislevy, 

1991; Mislevy, Johnson & Muraki, 1992). These plausible values can be used to calculate 

unbiased estimates of group characteristics such as means and variances (Wu, 2005). 

2. The share of students reaching the TIMSS international performance benchmarks. 

3. Student information which crucially includes information on household possessions 

which can be used to create an asset index proxying for socio-economic status (SES). 

4. School level administrative data. 

 

The second data source used is the 2014/15 Living Conditions Survey (LCS) which was 

conducted by Statistics South Africa (StatsSA) with the aim of better understanding living 

conditions and poverty in South Africa. The survey collected data from 27 527 households 

which represented a sample size of about 88 906 individuals. This survey is utilised solely for 

its information on household expenditure, which is used to link the derived SES-scale to a log 

of consumption scale as discussed in Section 5.3, following the methodology of Kotze and van 

der Berg (2019). In the next section, we use descriptive methods to explore how students’ 

mathematics performance compares across Gauteng, the Western Cape and seven other 

provinces. As a first attempt at identifying whether learning advantages across systems may be 

attributed to socio-economic differences across students, non-parametric regression analysis 

is used to compare (across provinces) levels and gradients in the relationship between 

students’ mathematics performance and SES using comparable measures of wealth. To further 

answer research question three, we then extend the analysis with multivariate estimations to 

assess whether learning advantages remain after accounting not only for socio-economic 

differentials, but differences in classroom, teacher, school, parent and other broader 

institutional factors. 
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4. Is the Western Cape in the lead? A descriptive 

analysis 

4.1 A comparison against TIMSS benchmarks 

As the bulk of the discussion in this section concerns itself with cross-regional comparisons of 

TIMSS performance, we briefly give attention to the meaning of the Item-Response Theory 

(IRT) scores which are presented on a transformed scale. For example, what does a student 

who scores 500 actually know, and what is the student able to do? To aid interpretation, TIMSS 

identify four international benchmarks along the IRT scale: the advanced (a score of 625), high 

(550), intermediate (475), and low (400) international benchmarks (refer to TIMSS 2019 

International Results (Mullis et al. 2020)). Students that reach a score of 400 have 

demonstrated only some knowledge of whole numbers and basic graphs while those that reach 

a score of 475 can apply basic mathematical knowledge in a variety of situations. In contrast, 

students who reach a score of 550 can better apply their understanding and knowledge in a 

variety of relatively complex situations. Finally, those that reach 625 on the assessment scale 

not only possess better understanding of the subject matter but can also apply and reason in a 

variety of problem situations, solve linear equations, as well as make generalisations. 

 

Figure 3 identifies the percentage of the sample population that reaches a particular benchmark 

in the Western Cape, Gauteng, and in seven other provinces.13 The South African average is also 

shown and the median for all countries participating in TIMSS 2019. Figure 4 then identifies 

what percentage achieve a score that is between chosen benchmark points (i.e. 0 - 399, 400 - 

474, 475 - 549, and 550 and above). 

 

Figure 3: Percentages of students reaching international benchmarks of mathematics 

achievement, grade 9 TIMSS 2019 

 

 
13 Confidence intervals are drawn for each benchmark but due to their small sizes are not visible.  
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Whereas up to 64 and 58 percent of students from the Western Cape and Gauteng reach the low 

benchmark respectively, only 33 percent of students from the remaining seven provinces reach 

this low benchmark (see Figure 3). Worse still, this is far below the international median where 

87 percent reach the low benchmark. As shown in Figure 4, up to 66 percent of the sample 

population of the seven other provinces do not even reach the minimum competency threshold 

of 400 points on the assessment scale. Thus, even after spending nine years in formal learning, 

the majority of grade 9 students in the seven other provinces combined still do not have a basic 

understanding of whole numbers and graphs.  

 

Just 1 percent of South African grade 9 students meet the advanced benchmark, with low shares 

meeting this advanced benchmark in all provinces. Compared with the seven other provinces 

and even Gauteng, a notably higher share of students in the Western Cape (14 percent vs 6 

percent in Gauteng and 1 percent in other provinces) meets at least the high benchmark, as 

seen in Figures 3 and 4.  The Western Cape and Gauteng education systems have much higher 

shares of students reaching at least the intermediate benchmark, though the Western Cape also 

performs marginally better by this metric. Unfortunately, in the remaining seven provinces just 

over 7 percent of their students reach this same intermediate benchmark.  

 

Figure 4: Percentage in each international benchmark range for mathematics, grade 9 TIMSS 

2019 South Africa 

 

 

  

Western Cape Gauteng Others

High and advanced (>550) 14% 6% 1%

Intermediate (475-549) 18% 18% 7%

Low (400-474) 32% 34% 26%

Below low (<399) 36% 42% 66%
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Yet grade 9 mathematics performance in the two better performing provinces compare poorly 

relative to the average performance of participating countries in the TIMSS sample (albeit with 

a large representation of developed nations). The international medians for reaching different 

TIMSS benchmarks depicts considerably higher levels of mathematics performance 

internationally when compared to Gauteng and the Western Cape student samples, even though 

other countries participate at the grade 8 rather than grade 9 level.  

 

Given this backdrop, we move into a discussion of mean performance. Before doing so however, 

we draw attention to points of caution. There is a tendency in education related research to 

merely compare raw average student assessment scores which are then used to rank education 

systems in ‘league tables’ (Ross & Zuze, 2004). This is problematic for two reasons. 

 

First, as these averages are calculated from population samples, albeit randomized and 

representative, they are nonetheless sample averages and would therefore suffer from having 

high levels of variation around the mean from one sample to the next. An appropriate 

workaround is to either report the sample mean with its associated standard error, or to use 

confidence intervals. Using the confidence interval assists in assessing the sample mean’s 

precision by providing a range of scores within which one is ‘confident’ that the true population 

mean lies. Where two confidence intervals overlap, any difference in the means is likely reduced 

to non-significance. 

 

The second drawback of the league table approach is that it neglects a universal finding that 

children from high socio-economic backgrounds tend to outperform their counterparts from 

lower socio-economic backgrounds. This may be due to several factors such as increased 

exposure among lower SES students to adversity at a younger age which is linked to decreased 

educational success (Shonkoff & Garner, 2012), as well as lack of access to information about 

available education opportunities (Brown, Wohn & Ellison, 2016). Low SES students also tend 

to have less access to family resources, experiences and other advantages in early life that foster 

the development of fundamental skills (Bradley et al., 2001; Aikens & Barbarin, 2008; 

Buckingham, Wheldall & Beaman-Wheldall, 2013; van Bergen et al., 2017). 

 

In South Africa, a country renowned for having one of the highest levels of income inequality in 

the world (Francis & Webster, 2019), it would be remiss to report and rely heavily on mere raw 

averages that neglect the role of either school or family SES. Therefore, in addition to a 

discussion based on mean performance, descriptive results from a local polynomial regression 

are also presented that account for students’ social background. 

 

4.2 Provincial and demographic comparisons of student 

performance in South Africa 

Consistent with having a larger share of students reaching the high international benchmark, 

students in the Western Cape on average perform better than students in other provinces as 

seen in Figure 5. Whether compared to Gauteng, or to the remaining seven provinces, mean 

performance is significantly different, seen in how confidence intervals do not overlap at any 

point.  
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Figure 5: Mean student performance in mathematics by province, grade 9 TIMSS 2019  

 

Disaggregated by gender, performance differences in mathematics are also noted across the 

three different regions. Figure 6 shows that grade 9 boys in the Western Cape perform 

significantly better in mathematics tests than boys in Gauteng and in the remaining seven South 

African provinces. Furthermore, while the average performance differential across Western 

Cape and Gauteng female students is not statistically different (at least at the 5 percent level of 

significance), female grade 9 students in the Western Cape and Gauteng performed significantly 

better than female students from the remaining provinces. 

 

While the average student score in the Western Cape may be high, this says nothing about the 

distributional equity of test scores among students in these regions. That is, how much worse 

off do poorer students perform relative to wealthier students across provinces? In an ideal 

situation, one wants the spread of that distribution to be smaller, thus implying a more 

equitable distribution of test scores. 

 

Figure 6: Mean mathematics performance by gender and province, grade 9 TIMSS 2019 
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As a proxy for economic well-being, the DBE calculated a poverty index for each public school 

according to the poverty of the community around the school, as well as specific infrastructural 

factors (Reddy et al., 2020).14  This poverty index is then used to categorise schools into five 

(unequal) groups, where quintile 1 reflects the least resourced schools, and quintile 5 the most 

resourced schools. Quintiles 1 to 3 schools are typically no-fee charging schools, while quintiles 

4 and 5 schools are allowed to charge fees.  

 

Figure 7 shows how the average mathematics achievement in each quintile category differ by 

location.15 The same information is then presented in a different way in Figure 8 to emphasize 

how students perform within the same location but in each of the school quintiles. What is 

immediately apparent in these figures is that student performance in quintile 5 schools is better 

than student performance in quintiles 1-4 schools, irrespective of provincial location. This 

merely reflects that students in more affluent schools generally outperform their peers in 

schools in poorer communities.  

 

In a comparison of performance in no-fee schools (quintiles 1-3), there is a clear advantage to 

the Western Cape and Gauteng compared to the seven other provinces. Although this advantage 

is not evident among student samples in quintile 4 schools. We also highlight that while the 

average mathematics scores of the Western Cape student sample are higher than in Gauteng 

for all quintiles, this advantage is only statistically significant in quintile 5 comparisons. In 

section 5.3.2, we subsequently find that this advantage among quintile 5 students is accounted 

for by compositional differences across students. By contrast, a simple descriptive comparison 

of TIMSS performance across no-fee schools in Gauteng and the Western Cape, hides a slight 

advantage in favour of the Western Cape as discussed in section 5.3.2.  

 

Figure 7: Mean student performance by quintile and location 

 

Notes: Results for independent school samples not shown due to smaller sample sizes.  

 
14 Note that up to 95 percent of students in the South African schooling system learn in public schools implying that this 

derived poverty index represents the majority of the South African student population (Reddy et al., 2020). 
15 Independent schools are not reported on here due to small sample sizes (Reddy at al 2020). 
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Figure 8: Mean student performance by location and quintile 

 

Notes: Results for independent school samples not shown due to smaller sample sizes.  

 

4.3 Socio-economic learning profiles 

Using school quintiles, Figures 7 and 8 succeed in demonstrating that students from the 

wealthiest school environments and neighbourhoods outperform their poorer counterparts. It 

is possible though that between provinces the SES of students within school quintiles may 

differ. In examining more carefully the association between SES and student’s mathematics 

performance, we use a non-parametric technique in the form of a kernel-weighted local 

polynomial regression (Fan & Gijbels, 2018). This is a graphically intuitive approach to assess 

how students perform along the socio-economic profile. This technique has the advantage of 

allowing the data to ‘speak for itself’ and thereby showing the ‘true’ mapping of SES and student 

performance by carrying out locally weighted regressions at each data point and then 

smoothing the result through the weighting system. 

 

Following Filmer and Pritchett (2001), an SES index is constructed from student questions on 

household possessions to which Principal Component Analysis (PCA) is applied. The result is a 

SES index that is transformed to have a mean of zero and a standard deviation of 1. As a 

sensitivity check, this asset index is linked to another wealth indicator measured in log of per 

capita consumption as discussed in Kotze and van der Berg (2019). The reason for this, is that 

traditional asset-based indices are known to be sensitive to context. For example, in reflecting 

a level of wealth, owning a bicycle in a wealthier country context may be quite different from 

owning a bicycle in a poorer context. The asset measures can therefore be difficult to use when 

comparing students from different areas (Vyas & Kumaranayake, 2006).  
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Figure 9: Student distribution by SES and province 

 
 

Figure 9 is a kernel density plot of the distribution of the SES asset index, as well as the log of 

consumption scale, for the Western Cape, Gauteng and the seven other provinces. Both 

indicators show that the remaining seven provinces have a relatively larger proportion of their 

students at the bottom and middle of the SES distribution. There are relatively much wealthier 

students in the Gauteng and Western Cape samples. Yet, while the SES distribution clearly 

favours Gauteng and the Western Cape, at every level of SES, better student results are achieved 

in these two provinces relative to the remaining seven. This is seen in Figure 10 which 

graphically presents the result of a local polynomial regression relationship between 

mathematics scores and an asset-based index on the x-axis on the left, and log of consumption 

on the x-axis on the right. At every point along the x-axis in Figure 10, it is immediately clear 

that Western Cape students outperform students from Gauteng and other provinces.  

 

Figure 10: Mathematics performance by socio-economic status, by province (grade 9 TIMSS 

2019) 
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In both instances—using SES or log of consumption on the x-axis— the shape of the relationship 

between grade 9 mathematics performance and economic well-being appears to be nonlinear. 

For both the Western Cape and Gauteng, the slope grows gradually steeper towards the higher 

end of the socio-economic profile, and the gap in performance gets wider. The Western Cape 

advantage relative to Gauteng appears to be most pronounced among the wealthiest students, 

agreeing with the significant differences in student performance in quintile 5 schools seen in 

Figure 7. Although an advantage to the Western Cape is also seen at lower SES levels. In the 

analysis that follows, we test whether these results hold in a multivariate regression. 

 

It is noted that apart from the differences in scale, the shapes of the lines depicting the 

relationship between economic well-being and student performance are more or less the same 

in this regional comparison, irrespective of the SES measure used. In international comparisons 

however, the choice of SES scale is more context sensitive (Wills et al, 2016, 2018; O’Riordan, 

2022).  

 

5. Multivariate analysis 

In this section, we move beyond descriptive evidence to investigate whether a Western Cape 

performance advantage remains relative to Gauteng, and the remaining seven provinces, after 

accounting for student and school resourcing differences. We have already pointed to 

differences in the SES of students. We now give more attention to how these education systems 

differ from one another with respect to other observed characteristics in TIMSS as discussed in 

section 5.1. In an attempt to control for these differences, and in so doing obtain a less biased 

estimate of the Western Cape (or Gauteng) learning effect as explained in section 5.2, section 

5.3 presents the multivariate regression results. 

 

5.1 Classroom and school resourcing differences 

Tables 2 to 4 emphasise student sample differences between provincial education systems 

across a myriad of student background, classroom and school characteristics.  

 

A striking advantage to Western Cape students in Table 2 (and graphically shown in Figure 11), 

is that they are considerably more likely to report speaking the language of the TIMSS test at 

home. This result is also triangulated by school principal responses, where Western Cape 

students’ principals report the largest share of their student body speaking the language of the 

test at home (see Table 3). The percentage of students speaking the language of the test at home 

is also highly correlated with student SES.  
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Figure 11: Language of test spoken at home, grade 9 TIMSS 2019 

 
Note: *WC = Western Cape 

 

Higher student wealth in Gauteng and the Western Cape, as seen earlier in Figure 9, is matched 

by a larger share of fee-paying quintile 4 and 5 schools in these provinces compared with the 

other seven provinces. Conversely, no-fee schooling is more common in the other provinces 

where about 77 percent of students are in no-fee schools (quintiles 1-3) compared to 42 

percent in Gauteng and 36 percent in the Western Cape.  

 

While there are statistically significant differences in observed characteristics across the 

Western Cape and Gauteng samples, differences are more pronounced when comparing these 

two provinces to the remaining seven provinces. The Western Cape grade 9 sample includes a 

higher proportion of overage students relative to the Gauteng sample (26 percent vs 21 

percent) although both have a smaller proportion relative to other provinces (33 percent). This 

high incidence of overage students in grade 9 is in line with findings by van der Berg et al. 

(2021) who report that between 55 - 59 percent of grade 10, 11, and 12 students are overage 

for their grade. Despite a higher prevalence of overage grade 9 students in the Western Cape 

relative to Gauteng, there have been recent improvements in internal efficiency in managing 

repetition patterns in the Western Cape (Van Wyk, 2021).16  

 

 

 

 
 

 
16 Van Wyk, (2021)  investigates repetition and dropout in Western Cape schools using the Central Education Management 

Information System (CEMIS) datasets from 2007-2019. Despite finding evidence of considerable repetition, he identifies 

a significant decrease in repetition rates since 2015, particularly in grades 1 and 9, and to a lesser extent in grades 10 and 

11.  
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Table 2: Student characteristics – comparison of means between provinces 

Variable 

Western 

Cape SE Gauteng SE Others SE 

Student Characteristics             

Age (in years) 15.5 0.03 15.3*** 0.03 15.5 0.03 

Overage 25.5 0.01 20.8*** 0.01 32.7*** 0.01 

Female 55.1 0.01 55.3 0.02 50.7*** 0.01 

Urban 75.8 0.04 78 0.04 23.1*** 0.03 

Either parent has senior secondary education 30.5 0.01 23.9*** 0.01 30.3 0.01 

Either parent has post secondary education 17 0.01 22.2*** 0.01 18.8** 0.01 

Either parent has tertiary education 17.8 0.01 24.6*** 0.01 16.8 0.01 

Computer 63.6 0.02 64.2 0.02 40.6*** 0.01 

Books at home       
Few books 36.8 0.01 37.3 0.01 49.2*** 0.01 

An average amount 36.7 0.01 38.8 0.01 34.6* 0.01 

Many books 25.9 0.019 23.6 0.01 14.8*** 0.01 

Unknown 0.6 0.001 0.4 0.00 1.4*** 0.00 

Absenteeism       
Once a week 11.6 0.01 11.2 0.01 16.3*** 0.01 

1 in every 2 weeks  5.1 0.00 3.4*** 0.00 3.6*** 0.00 

Once a month 11.2 0.01 11.3 0.01 9.7** 0.01 

Once every two months 11.6 0.01 11.5 0.01 7.4*** 0.00 

Never 59.6 0.01 61.9 0.01 61 0.01 

Unknown 1.00 0.00 0.7 0.00 2*** 0.00 

How often you speak language of test at home      
Always 46.5 0.03 16.6*** 0.02 9.5*** 0.01 

Almost always 18.3 0.01 21.8*** 0.01 10.3*** 0.01 

Sometimes 31.7 0.03 55.2*** 0.02 70.4*** 0.01 

Never 3.1 0.00 6*** 0.01 8.7*** 0.01 

Unknown 0.4 0.00 0.4 0.00 1.1*** 0.00 

How often you are hungry       
Every day 17.3 0.008 18.4 0.07 16.9 0.01 

Almost daily 15.1 0.006 17.3** 0.01 12.9*** 0.01 

Sometimes 42.3 0.008 40.5* 0.01 44.8** 0.01 

Never 22.4 0.01 20.8 0.01 20.3* 0.01 

Unknown 2.9 0.003 3 0.00 5.1*** 0.01 

How often you are tired       
Every day 12.4 0.01 11.9 0.01 10.4** 0.01 

Almost daily 15.6 0.01 14.4 0.01 7.6*** 0.01 

Sometimes 58 0.01 57.1 0.01 56.8 0.01 

Never 12.2 0.01 14.4** 0.01 22.1*** 0.01 

Unknown 1.8 0.00 2.3 0.00 3.2*** 0.00 

How often other students refused to talk to you      
At least once a week 13.7 0.01 15.3 0.01 20.9*** 0.01 

Once or twice a month 11.3 0.00 14.2*** 0.01 15.1*** 0.00 

A few times a year 18.3 0.01 19.7 0.01 15.4*** 0.01 

Never 54.7 0.01 49*** 0.01 45.3*** 0.01 

Unknown 2 0.00 1.8 0.00 3.3** 0.01 

How often other students threatened you       
At least once a week 5.8 0.00 7.6*** 0.00 11.5*** 0.01 

Once or twice a month 6.4 0.00 8.8*** 0.01 11*** 0.00 

A few times a year 15.4 0.01 16.2 0.01 17.5*** 0.01 

Never 70.2 0.01 65.6*** 0.01 56*** 0.01 

Unknown 2.2 0.00 1.8 0.00 4*** 0.01 

How often other students physically hurt you       
At least once a week/ utmost twice a month 12.9 0.01 17.7*** 0.01 22.8*** 0.01 

A few times a year 15 0.01 15.9*** 0.01 17*** 0.01 

Never 70.1 0.01 64.1 0.01 56.6** 0.01 

Unknown 2.1 0.00 2.3*** 0.00 3.7*** 0.01 
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How often did you feel bullied       
Never 51.4 0.01 39*** 0.01 30.6*** 0.01 

About monthly 36 0.01 46.5*** 0.01 47.5*** 0.01 

About weekly 11.7 0.01 13.6* 0.01 20.3*** 0.01 

Unknown 0.9 0.00 0.8 0.00 1.7* 0.00 

 

Source: Grade 9 TIMSS 2019 (South Africa). Own calculations. The first column of stars identifies statistical difference in mean 

characteristics between Western Cape and Gauteng samples. The second column of stars identifies statistical difference in mean 

characteristics between the Western Cape and the other seven remaining provinces. Notes: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. 

 

 

Table 3: Classroom and teacher resources – comparison of means across provinces 

Variable 

Western 

Cape SE Gauteng SE Others SE 

Classroom and teacher resources              

Teacher age       
Under 25 3.8 0.01 5.6 0.01 3.4 0.01 

25-29 19 0.03 16.1 0.02 17.7 0.02 

30-39 21.7 0.03 20.8 0.02 24.9 0.03 

40-49 20.8 0.02 31.7*** 0.03 28.7** 0.03 

50-59 26.7 0.03 22 0.03 21.9 0.03 

60 or more 6.2 0.02 2** 0.01 1.2*** 0.01 

Unknown 1.9 0.01 1.7 0.01 2.3 0.01 

Teacher qualification       
No degree 13.3 0.02 16.3 0.02 18.2 0.02 

Degree or higher 78.1 0.03 75.5 0.03 72.4 0.03 

Unknown 8.6 0.02 8.2 0.02 9.4 0.02 

Is there a shortage of instructional 

material       
Not at all 32 0.04 27.6 0.04 11.9*** 0.03 

A little 30.9 0.04 18.9** 0.03 22.2* 0.03 

Sometimes 22.6 0.04 22.5 0.04 40.5*** 0.04 

A lot 12.6 0.03 28.4*** 0.04 23.3** 0.03 

Unknown 1.9 0.01 2.8 0.01 2.2 0.01 

Is there a shortage of calculators       
Not at all 21.6 0.03 27.7 0.04 29.4 0.04 

A little 33.4 0.04 19.6*** 0.03 22** 0.04 

Sometimes 17.2 0.03 25.2* 0.04 22.8 0.03 

A lot 26 0.04 26.7 0.04 22.8 0.03 

Unknown 1.7 0.01 0.7 0.01 3 0.01 

Is there a shortage of computers       
Not at all 17.1 0.03 29.5** 0.04 28.4** 0.04 

A little 26.3 0.04 27.8 0.04 21.4 0.03 

Sometimes 34 0.04 22.6** 0.04 22.9** 0.03 

A lot 22.1 0.03 19.3 0.03 25 0.03 

Unknown 0.5 0.01 0.7 0.01 2.3 0.01 

How often the teacher gives student homework      
Every day 46.9 0.02 59.6*** 0.02 62.5*** 0.01 

3/4 times a week 29.1 0.01 25.2** 0.01 20.6*** 0.01 

1/2 times a week 10.5 0.01 6.1*** 0.01 5*** 0.01 

Less than once a week or never 5.9 0.01 2.8*** 0.01 2.1*** 0.00 

Unknown 7.6 0.01 6.3** 0.01 9.8*** 0.01 

Source: Grade 9 TIMSS 2019 (South Africa). Own calculations. The first column of stars identifies statistical difference in mean 

characteristics between Western Cape and Gauteng samples. The second column of stars identifies statistical difference in mean 

characteristics between the Western Cape and the other seven remaining provinces. Notes: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. 
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Table 4: School and parental involvement characteristics – mean comparisons across provinces 

Variable 

Western 

Cape SE Gauteng SE Others SE 

School and institutional factors             

Is there a shortage of school buildings       
Not at all 43.9 0.04 28.3*** 0.04 20.9*** 0.03 

A little 20.7 0.03 13.9 0.03 22.6 0.03 

Sometimes 22.3 0.04 27.2 0.04 22.7 0.03 

A lot 11.1 0.03 26.7*** 0.04 29.6*** 0.04 

Unknown 1.9 0.01 4 0.02 4.1 0.02 

Is there a shortage of teachers with a mathematics specialisation 

Not at all 39.9 0.04 24.1*** 0.04 22.1*** 0.03 

A little 27.8 0.04 16.1** 0.03 17.8** 0.03 

Sometimes 19.3 0.03 27.1 0.04 30.8** 0.04 

A lot 12.6 0.03 28.5*** 0.04 25.4*** 0.04 

Unknown 0.5 0.01 4.3** 0.02 3.9** 0.02 

To what degree is teacher absenteeism a problem      
Not a problem 21.9 0.03 19.7 0.03 25.6 0.04 

Minor problem 47 0.04 40.4 0.04 43.8 0.04 

Moderate or serious problem 30.5 0.04 39.2 0.04 28.3 0.04 

Unknown 0.5 0.01 0.7 0.01 2.3 0.01 
       

More than half of the student body speaks the 

language of the test at home  57.6 0.04 26.1*** 0.04 9.5***         
School Quintile       
Quintile 1 6.1 0.02 10.6 0.03 23.9*** 0.04 

Quintile 2 9.8 0.03 13.7 0.03 23.7*** 0.03 

Quintile 3 19.9 0.04 17.2 0.03 29.2* 0.04 

Quintile 4 23.2 0.04 21.3 0.04 12.3** 0.03 

Quintile 5 36 0.04 26.7* 0.04 7.3*** 0.02 

Independent schools 5.1 0.02 10.6* 0.03 2.4 0.01 

Unknown 0 0.00  0.00 1.2 0.01 

Parental involvement       
Level of parental commitment       
High/very high 14.2 0.03 15.9 0.03 14.3 0.03 

Medium 25.4 0.04 29.8 0.04 27.8 0.04 

Low/very low 59.9 0.04 53.5 0.04 56.2 0.04 

Unknown 0.5 0.01 0.7 0.01 1.7 0.01 

Level of parental support       
High/very high 15 0.03 19 0.03 13.5 0.03 

Medium 30.8 0.04 36.4 0.04 31.6 0.04 

Low/very low 52.2 0.04 43.8 0.04 53.2 0.04 

Unknown 1.9 0.01 0.7 0.01 1.7 0.01 

Source: Grade 9 TIMSS 2019 (South Africa). Own calculations. The first column of stars identifies statistical difference in mean 

characteristics between Western Cape and Gauteng samples. The second column of stars identifies statistical difference in mean 

characteristics between the Western Cape and the other seven remaining provinces. Notes: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. 

 

Consistent with higher levels of SES among the Gauteng and the Western Cape student samples 

relative to the other provinces, computer access is more extensive, book ownership more 

common and there are vast differences in the share of students in urban areas. For 

example, over three quarters of students in the Western Cape and Gauteng samples reside in 

urban areas compared with 23 percent in the other provinces. Despite lower levels of hunger, 

students are more likely to report being tired in the Western Cape and Gauteng samples 
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compared to the other provinces. Bullying, measured in terms of a perceived sense of threat or 

actual threat from peers, is notably lower in Gauteng and the Western Cape than the other 

provinces, although Gauteng students are more likely to report bullying on most measures 

compared with Western Cape students.  

 

As pertains to teacher and classroom resources, students in the TIMSS Western Cape sample 

are more likely than those in Gauteng or other provinces to have older mathematics teachers 

(aged 50 and above), although no major differences in mathematics’ teacher qualifications are 

noted. Relative to students in Gauteng or the other seven provinces, students in the Western 

Cape are in schools with the lowest recorded incidence of shortages in required instructional 

materials but there is more of an identified need for computers. Among grade 9 students, the 

assignment of homework is less regular in the Western Cape.  

 

We also consider some characteristics of the learner sample’s schools that may provide crude 

proxies for institutional and management quality which include data on teacher 

absenteeism, school building shortages, and teachers with a mathematics specialisation. The 

Western Cape student sample are in schools with the least reported shortage of buildings 

or teachers with mathematics specialisation. There is ‘not at all’ a shortage of school buildings 

for 44 percent of the Western Cape sample compared to 28 percent in Gauteng and 21 percent 

in the remaining provinces. While about 40 percent of students in the Western Cape are in 

schools where there is ‘not at all’ a shortage of specialised mathematics teachers, this figure 

is 24 percent in Gauteng and 22 percent in the other provinces. Finally, we have information on 

parental involvement which is proxied by questions levelled to the school principal on his/her 

perceptions of parental commitment and support. There are no significant differences across 

the Western Cape, Gauteng and the other provinces on these measures.   

 

5.2 Econometric method 

Following Wills et al. (2018), we discount for observed differences across systems using a 

regression framework and propensity matching approach which is specified using the 

following education production function: 

 

𝑌𝑖𝑠 =  𝑅𝑒𝑔𝑖𝑜𝑛𝜖[ 𝑊𝐶,𝐺𝑃] + 𝛽𝐻𝑖𝑠  +  𝛼𝑆𝐸𝑆𝑖𝑠  + 𝜂𝑆𝑖𝑠  + 𝛾𝑅𝑖𝑠  +  𝛿𝐼𝑠  + 𝜃𝑃𝑖𝑠  + 휀𝑖𝑠       (1) 

 

where 𝑌𝑖𝑠  is the test score of student i in school s, 𝐻𝑖𝑠   is a vector of student and home 

background factors and 𝑆𝐸𝑆 is a continuous measure of socio-economic wealth and is used in 

conjunction with its quadratic term. 𝑆𝑖𝑠  is a vector of social interaction factors, 𝑅𝑖𝑠 is a vector 

of classroom and teacher resources, 𝐼𝑠   is a vector of school/institutional factors and 𝑃𝑖𝑠   is a 

vector of parental involvement factors. The primary variable of interest is 𝑅𝑒𝑔𝑖𝑜𝑛 which is a 

fixed effect dummy variable, taking on the value of 1 for students who attended school in the 

Western Cape (or Gauteng in some comparisons) and 0 for students who attended school in a 

comparator province or provincial group. Constructed in this way, this dummy measures the 

difference in the expected mathematics performance for a student from the Western Cape (or 

Gauteng) compared to a peer in another region after controlling for relevant home background 
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characteristics, school and classroom characteristics, some institutional and social interaction 

factors and parental involvement. 

 

While this estimation approach goes a long way in producing an unbiased estimate of expected 

student performance when comparing these regions, there remains a problem adequately 

typified by Tables 2 to 4, namely that there are significant differences in the covariate 

composition of these three student samples. This has implications for estimation. To facilitate 

such a comparison between groups characterised by different baseline characteristics, we use 

propensity score matching (PSM) as suggested by Rosenbaum and Rubin (1983) to improve 

levels of common support.  

 

A propensity score is defined as the conditional probability of assignment of a subject to a 

particular treatment (in this case being in the Western Cape or Gauteng or not) given a set of 

observed covariates. In practice, PSM is implemented in several ways, which include matching, 

stratification, regression, or weighting (Dey, 2015).17 This paper implements the propensity 

score weighting approach which places greater emphasis on units with propensity scores that 

better overlap between students, and this ensures for a comparison of more similar students. 

Following Wills et al (2016, 2018), propensity score weights are computed using a weighted 

least squares regression to ensure that the estimates derived in this analysis are between the 

most comparable groups of students within these regions/contexts. The resultant weights used 

here are one of a class of balancing weights and their associated estimand (Li, Morgan & 

Zaslavsky, 2018).  

 

To illustrate, while students in the Western Cape (or Gauteng) are assigned a propensity score 

weight equal to 1 – e(x), students in comparator provinces are given a weight of e(x), where 

e(x) is the propensity score of being a grade 9 student in the Western Cape (or Gauteng) 

estimated from a probit regression where student and home background characteristics are 

regressed onto the 𝑅𝑒𝑔𝑖𝑜𝑛 dummy. As in earlier and similar work by Wills et al (2018), this 

weighting procedure improves estimation by ensuring that comparison is done for groups that 

are more similar and hence more balanced on covariates. This weight is then multiplied by the 

TIMSS sampling weight to create a final composite weight which is used in place of the standard 

TIMSS survey weights (Ridgeway et al., 2015). By multiplying it to the TIMSS weight, the unique 

features of the TIMSS survey design are incorporated into the computation of the final 

composite weight. Overall, this weighting procedure improves estimation by ensuring that 

comparison is done for groups that are more similar and hence more balanced on covariates. 

 

 

 
17 While each of these methods have their advantages and disadvantages, the choice between them boils down to whether 

the application of these procedures can remove/reduce significant differences in baseline covariates leading to improved 

common support (Dey, 2015). This is often referred to as the ‘balancing property’. 
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5.3 Econometric results 

5.3.1 The Western Cape effect and expected mathematics performance 

Table 5 provides estimates of the Western Cape effect in comparison to both Gauteng and the 

seven other provinces using grade 9 mathematics outcomes. Both tables start with very simple 

models that only control for the Western Cape (or Gauteng) fixed effect. In the first column, the 

standard TIMSS survey weights are applied. In the second model onwards, the propensity score 

weight is applied. From model 3 onwards, the specifications progressively expand to include 

socio-economic, home background, classroom, school, institutional, parental involvement, and 

social interaction factors. By sequentially adding a set of covariates in this manner, it is easier 

to separate that part in the performance gap that owes itself to the additional set of covariates.  

 

Western Cape versus Gauteng  

In column 1, the overall learning advantage that Western Cape students have over their Gauteng 

counterparts is consistent with the descriptive analysis discussed earlier. However, the 

dramatic change in the size and significance of the coefficient from column 1 to 2 allows us to 

appreciate how important the use of the propensity score weights is in estimating regional 

learning effects. The application of the propensity weights has the effect of reducing the 

magnitude of the Western Cape advantage relative to Gauteng, implying that for similarly 

resourced students and schools, the Western Cape advantage is not as large.  

 

For all the models that make use of the propensity score weights, the Western Cape estimate is 

positive but small and only significant in column 8, after controlling for parental involvement 

factors. The results in column 8 initially imply that parental involvement and commitment may 

matter for improved learning. This is consistent with an earlier finding by Wills et al. (2018) 

which showed that the Western Cape effect among grade 6 primary school students relative to 

Gauteng increased after including parental factors.18 As the coefficient is only significant at the 

10 percent level and the size of the coefficient itself does not appear to change by much, we 

cannot claim to fully understand the way in which parental involvement directly affects 

education outcomes, nor confidently disentangle this effect from various other processes at 

play.  

 

Western Cape or Gauteng versus seven other provinces 

In relation to the remaining seven provinces, the Western Cape learning advantage is 

statistically different from zero in all but the model specification that adds teacher and 

classroom factors. In all model specifications in the Gauteng vs. seven other provinces 

comparison, the Gauteng coefficient is positive and statistically different from zero. As 

expected, there is a larger learning gap between students in the remaining seven provinces and 

the Western Cape than when compared to students in Gauteng. In both comparisons, once we 

control for SES (column 3), the size of the Western Cape and Gauteng coefficient declines 

substantially, implying that a significant portion of the mathematics advantage in these two 

 
18 In their case, the authors postulated that this advantage may have been due to a negative correlation between parental 

involvement and the Western Cape dummy which in turn was positively correlated to student performance.  
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provinces is absorbed by differences in SES. This is in line with existing research in South Africa 

identifying that socio-economic differences significantly account for differences in learning 

outcomes (see, for example, Taylor & Yu, 2009).  

 

A further reduction in the Western Cape or Gauteng advantage is identified after adding home 

background variables (which include information on book possession in the home, how often 

the student is absent from school, and guardians’ highest level of education). Together, student 

background factors and SES account for two thirds of the Western Cape advantage and a half of 

the Gauteng advantage relative to seven other provinces. The inclusion of the remaining factors 

does not appear to further reduce the Western Cape advantage. In other words, a significant 

portion of provincial gaps in mathematics outcomes merely reflect inequality of circumstance 

across the composition of students. Notwithstanding, even after parental involvement factors 

are included in the last model specification, the Western Cape and Gauteng advantages relative 

to the other provinces remain positive and significant (at 13 TIMSS points for the Western Cape 

and 7 TIMSS points for Gauteng). This implies that while the impacts of poverty are hard to 

circumvent, system efficiencies can lead to somewhat better learning outcomes, a finding which 

is even more evident in the next analysis. 
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Table 5: Comparing mathematics performance in Gauteng and the Western Cape relative to each other and seven other provinces, grade 9 TIMSS 2019  

 1 2 3 4 5 6 7 8 

Comparison Region Coefficient on Western Cape and Gauteng Dummy 

Western Cape (1) vs Gauteng (0) 20.48*** 5.407 8.109 2.51 1.375 6.248 7.067 8.767* 

 (5.024) (5.577) (4.607) (4.079) (3.797) (4.261) (4.021) (4.151) 

R-Squared 0.0137 0.000948 0.234 0.408 0.437 0.499 0.53 0.535 

N 10984 10532 10532 10532 10532 10532 10532 10532 

Western Cape (1) vs 7 other provinces (0) 66.52*** 34.28*** 23.33*** 9.733* 8.057* 7.3 11.98** 12.91*** 

 (4.982) (4.637) (4.375) (4.056) (3.870) (4.001) (3.854) (3.667) 

R-Squared 0.0768 0.0396 0.168 0.361 0.388 0.427 0.461 0.465 

N 15196 14429 14429 14429 14429 14429 14429 14429 

Gauteng (1) vs 7 other provinces (0) 46.04*** 24.85*** 16.22*** 13.02*** 12.36*** 9.538** 7.189* 6.972* 

 (3.854) (4.923) (4.132) (3.486) (3.283) (3.418) (3.571) (3.476) 

R-Squared 0.0653 0.0237 0.147 0.352 0.379 0.417 0.458 0.46 

N 15478 15155 14921 14701 14701 14701 14701 14701 

Weights         
TIMSS Survey Weights X        

Propensity Weights   X X X X X X X 

Controls         

Socio-Economic Status (Quadratic)   X X X X X X 

Student and Home Background    X X X X X 

Social Interaction     X X X X 

Classroom and Teacher resources      X X X 

School/Institutional       X X 

Parental Involvement              X 

Notes: Estimation using five plausible values. Standard errors in parentheses. Significance at the *10%, **5% and ***1% level of significance. 
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5.3.2 Performance by school quintile 

In South Africa, data generating processes underlying student performance differ across poorer 

and wealthier parts of the schooling system (van der Berg, 2008; Spaull, 2013). It may well be 

for example, that among wealthier students, those from the Western Cape may enjoy a learning 

advantage, while lower SES students experience a disadvantage. By implication, the size and 

direction of the Western Cape (or Gauteng) effect may vary over the range of the school socio-

economic profile as seen earlier in Figure 10. For this reason, the model specifications in Table 

5 are reassessed by sub-samples of school wealth as proxied by school quintile.  

 

In Table 5, the Western Cape (or Gauteng) effect is estimated for three student sub-samples: 

those in quintiles 1-3 (no-fee paying) schools; and quintiles 4, 5 or independent schools (usually 

fee-charging schools). We also focus on the quintile 5 school comparison as a singular group. 

As before, the first column includes a simple regression model that uses the standard TIMSS 

survey weights, after which the subsequent models all make use of propensity weights, and 

control for home background factors, social interaction conditions, teacher and classroom 

factors, governance and institutional factors, and parental involvement controls.  

 

Relative to the seven remaining provinces, there are clear learning effects in both Western Cape 

and Gauteng no-fee schools. After adding all controls, in quintile 1-3 schools the learning effect 

in favour of the Western Cape is 24 TIMSS points and 14 TIMSS points in Gauteng. In the quintile 

4, 5 and independent school comparisons, however, the Western Cape and Gauteng coefficients 

are positive but not significant from models 2 onwards after the application of propensity 

weights. The quintile 5 school advantage in the Western Cape and Gauteng relative to quintile 

5 performance in seven other provinces may simply reflect differences in student 

compositions.19 In quintile 1-3 schools though, compositional differences explain away a much 

smaller proportion of the learning advantages to the Western Cape and Gauteng.  

 

In the Western Cape-Gauteng comparison, no significant mathematics learning effect is 

observed among students in wealthier quintile 4, 5 and independent schools. This is consistent 

with Figure 7 where among quintile 4 and independent schools, performance gaps across the 

Western Cape and Gauteng were largely insignificant. However, in Figure 8, it appeared that the 

Western Cape advantage to Gauteng was most evident in quintile 5 schools and among the 

wealthiest of students in Figure 10. Descriptively this is true. But when balance is improved, 

with comparisons aligned across more similar students, there is very little Western Cape 

advantage for students in quintile 5 schools relative to students in Gauteng’s quintile 5 schools. 

Only a small but significant learning advantage presents itself when controlling for student 

background differences. The primary differences instead occur in no-fee schools where 

Western Cape students perform significantly better in grade 9 mathematics compared to 

students in Gauteng. After adding all controls, students in no-fee schools in the Western Cape 

outperform their Gauteng counterparts by 11 TIMSS points. This advantage changes very little 

 
19 Another probable explanation for the overall level of insignificance in the wealthier school comparisons could be that 

the models as currently constructed, are unable to adequately capture the data generating process that characterise these 

wealthier sub-samples. This would lead to an appearance of insignificance whereas in the real data generating model, 

these factors significantly affect learning outcomes. 
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across models implying that compositional differences do not reduce the advantage. In 

summary, the Western Cape remains more efficient in serving poorer students than Gauteng 

province. This is consistent with findings by Wills et al (2018) estimating grade 6 mathematics 

(and literacy) outcomes. 20 

 

Table 6: Comparing mathematics performance in Gauteng and the Western Cape relative to each 

other and seven other provinces, by school quintile (grade 9 TIMSS 2019) 

   1 2 3 4 5 6 7 

Comparison Region Coefficient on Western Cape and Gauteng Dummy 
  

Western Cape 

vs  

Gauteng 

  

Q1-Q3 

11.17** 14.34** 14.24** 13.03** 10.49** 11.10** 10.67* 

Std error (4.098) (4.685) (4.658) (4.187) (4.008) (4.142) (4.358) 

R-Squared 0.00708 0.0123 0.014 0.195 0.232 0.266 0.279 
 Q4, Q5  

& 

independent 

20.29** 0.691 2.77 -2.094 -1.857 6.795 5.619 

Std error (7.643) (8.380) (6.728) (5.617) (5.224) (6.001) (6.643) 

R-Squared 0.0132 0.000 0.238 0.414 0.436 0.51 0.544 
 

Q5 

39.23** 24.51 19.97* 9.092 9.087 10.41 2.281 

Std (12.510) (13.560) (9.993) (8.377) (7.860) (8.685) (8.626) 

R-Squared 0.0565 0.0205 0.209 0.392 0.413 0.476 0.513 

Western Cape 

vs  

7 other 

provinces 

 

Q1-Q3 

36.48*** 31.88*** 30.32*** 23.71*** 21.50*** 21.85*** 23.53*** 

Std error (4.531) (4.811) (4.971) (4.695) (4.527) (4.673) (5.161) 

R-Squared 0.0179 0.0415 0.0487 0.209 0.244 0.271 0.281 
 Q4, Q5  

& 

Independent 

39.97*** 0.598 -2.557 -3.385 -3.876 3.567 5.612 

Std error (9.563) (9.343) (8.545) (6.153) (5.975) (7.348) (7.506) 

R-Squared 0.0476 0.000 0.17 0.364 0.384 0.458 0.496 
 

Q5 

59.25*** 29.52 17.87 9.744 8.461 15.32 10.58 

Std error (12.70) (15.50) (12.27) (9.702) (9.344) (12.87) (22.07) 

R-Squared 0.120 0.0333 0.217 0.434 0.455 0.525 0.564 

Gauteng 

vs  

7 other 

provinces 

 

Q1-Q3 

25.31*** 20.87*** 19.26*** 15.31*** 14.71*** 13.68*** 14.92*** 

Std error (4.290) (4.387) (4.407) (3.856) (3.698) (4.004) (4.059) 

R-Squared 0.0187 0.0228 0.031 0.195 0.226 0.253 0.261 

 Q4, Q5  

& 

independent 

20.02 8.569 3.241 5.061 5.149 4.037 11.24 

Std error (13.14) (16.68) (12.20) (6.281) (5.988) (9.793) (11.07) 

R-Squared 0.0176 0.00319 0.179 0.435 0.458 0.507 0.544 

 

Q5 

19.68* 6.709 3.206 2.666 2.685 0.471 0.890 

Std error (8.489) (10.62) (9.288) (5.799) (5.585) (5.837) (6.310) 

R-Squared 0.0164 0.00188 0.134 0.360 0.384 0.460 0.479 

Weights          

TIMSS Survey weights  X       

Propensity Weights     X X X X X X 

Controls                   

Socio-Economic Status (Quadratic)   X X X X X 

Student and Home Background    X X X X 

Social Interaction  
    X X X 

Classroom and Teacher resources      X X 

School/Institutional               X 

Notes: Estimation using five plausible values. Standard errors in parentheses. Significance at the *10%, **5% 

and ***1% level of significance. 

 
20 Among the poorer schools, the performance advantages may be driven by higher performance in quintile 3 schools in 

the Western Cape, which is also the largest sub-sample of the three bottom quintiles. 
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6. Conclusion  

In this paper, an intra-country comparison of grade 9 mathematics performance reveals system 

efficiencies at work in Gauteng and Western Cape schools. Although student compositions vary 

notably across provinces, even when comparing performance across similarly resourced 

students, the performance advantages to Gauteng and the Western Cape remain. This is 

reflected in notably higher levels of grade 9 mathematics achievement in these provinces 

relative to seven other South African provinces, particularly in no-fee school comparisons, after 

controlling for student and school resourcing differences.  

 

When comparing Gauteng to the Western Cape, a descriptive comparison of grade 9 

mathematics results initially suggests better performance in the Western Cape. Yet, since these 

two provinces differ in terms of their student samples, it is necessary to test whether this 

Western Cape advantage remains when comparing performance across more similar student 

samples. We find that the overall advantage is eventually absorbed by differences in other 

student and school characteristics. Yet in no-fee charging schools, a learning effect in favour of 

the Western Cape relative to Gauteng remains even when comparing students of similar SES 

and after accounting for differences in home, classroom, school resources and parental 

involvement factors. This implies that schooling for the poor is somewhat more effective in the 

Western Cape than Gauteng, a finding that confirms earlier work by Wills et al (2018). It is noted 

though that the WCED have a relatively smaller proportion of no-fee paying schools to oversee 

and may be able to devote more capacity to oversight, accountability and support for at-risk 

school environments.  

 

Despite the observed advantages to the Western Cape in this analysis relative to Gauteng, when 

viewing grade 9 mathematics achievement in lieu of alternate measures of system performance, 

the discussion highlighted that provincial ranking is dependent on what is measured 

(Department of Basic Education 2020). Performance advantages are also not fixed over time. It 

would also be remiss not to contextualise the higher performance in the Western Cape and 

Gauteng relative to student performance in other developed and developing countries. Grade 9 

mathematics performance in these two better performing provinces fares poorly relative to the 

average performance of participating countries in the TIMSS sample (albeit with large 

representation of developed nations). But it has also been shown that at the grade 6 level, 

children with similar socio-economic backgrounds perform around 0.3 standard deviations 

better in Kenya than in Western Cape – this is roughly equivalent to a year’s worth of learning 

(Wills et al., 2018). This reinforces how vital participation in international assessments, such as 

TIMSS, PIRLS and SACMEQ, is for tracking progress and establishing comparison benchmarks. 

This should remain a policy priority in the education sector.  

 

As a key contribution, this paper highlights the importance of carefully considering the context 

in which systems are operating in making fair comparisons of school system effectiveness, even 

in an intra-country comparison. Relying on mean comparisons of student performance is 

simply not sufficient for this purpose. The characteristics of students and their schools may 

vary notably across contexts, with wealthier systems postured for better performance simply 

due to the learning advantages students derive from their wealthier home backgrounds. 
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Indeed, one of the immediate takeaways from this analysis is the sheer magnitude of the impact 

of SES in explaining performance gaps across provinces in South Africa. Overall, controlling for 

SES causes a sizeable and significant reduction in the Western Cape or Gauteng effect relative 

to the seven other provinces, and each other, although this is far less evident when restricting 

on quintiles 1-3 schools with more homogenous student samples across provinces. With 

extremely high-income inequality in South Africa (and the highest recorded Gini-coefficient of 

any country in the world), this affirms the long-standing narrative that advantage begets 

advantage (Reddy et al., 2020). This stands in contrast to what the influential 19th century 

education reformer Horace Mann famously hoped it to be - “the great equaliser” (Massachusetts 

Board of Education, 1849).  

 

Methodologically, this paper contributes by giving attention to the challenges of moving beyond 

simple mean comparisons in analyses of system performance when comparator groups are so 

dissimilar based on observable characteristics that there is not enough “common support” over 

which to run multivariate estimations. We addressed this problem using propensity weights. 

This involved running estimates on more similar student comparator groups. Applying this 

approach, we typically find no significant difference in overall mathematics performance across 

Gauteng and Western Cape students even though mean comparisons imply an advantage to the 

Western Cape (but a Western Cape advantage remains in no-fee school comparisons). This 

implies that caution should be exercised in comparing trends in performance over time using 

mean differences alone. Improvements or declines in relative provincial performance may 

merely be an artefact of variations in the characteristics of student samples across periods.21  

 

As seen in this paper, where a large proportion of the overall performance gap across provinces 

derives from student socio-economic differences, improving learning is not divorced from 

addressing issues of poverty. This presents a challenge for realising learning improvements. 

Creating the conditions for upward socio-economic mobility is difficult work, depending on the 

schooling system itself and in most instances would require more than a single generation to 

achieve. A learning improvement agenda, including active measures to improve the quality of 

teaching in schools supported through functional administrations, should happen in parallel 

with a programme of economic growth and poverty alleviation. Notwithstanding, the Western 

Cape and Gauteng advantage in no-fee schools (and even higher advantage in the Western 

Cape) is evidence that education systems can do better with what they have and given the 

poverty levels of the children they serve. This points to the continued importance of the 

development of state capability in educational administration in shaping the effectiveness of 

schooling (Gustafsson, 2019).  

 

  

 
21 With regards to policy, an interesting take away highlighted by this analysis is how varied the impact of schooling inputs 

is depending on region. For example, while parental involvement may be important in bridging the learning gap between 

Western Cape and Gauteng, its impact is almost negligible when comparing students from the Western Cape and the 

remaining provinces. This highlights the need to move away from “one-size-fits-all” type of policies in favour of more 

nuanced approaches that account for the idiosyncratic features of the region in question. 
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